Background: Previous studies often of short duration have raised concerns that antihypertensive therapy with diuretics and ␤-blockers adversely alters levels of other cardiovascular disease risk factors.
Methods:
The Systolic Hypertension in the Elderly Program was a community-based, multicenter, randomized, double-blind, placebo-controlled clinical trial of treatment of isolated systolic hypertension in men and women aged 60 years and older. This retrospective analysis evaluated development of diabetes mellitus in all 4736 participants in the Systolic Hypertension in the Elderly Program, including changes in serum chemistry test results in a subgroup for 3 years. Patients were randomized to receive placebo or treatment with active drugs, with the dose increased in stepwise fashion if blood pressure control goals were not attained: step 1, 12.5 mg of chlorthalidone or 25.0 mg of chlorthalidone; and step 2, the addition of 25 mg of atenolol or 50 mg of atenolol or reserpine or matching placebo.
Results: After 3 years, the active treatment group had a 13/4 mm Hg greater reduction in systolic and diastolic blood pressure than the placebo group (both groups, PϽ.001). New cases of diabetes were reported by 8.6% of the participants in the active treatment group and 7.5% of the participants in the placebo group (P=.25). Small effects of active treatment compared with placebo were observed with fasting levels of glucose (+0. 20 Conclusions: Antihypertensive therapy with low-dose chlorthalidone (supplemented if necessary) for isolated systolic hypertension lowers blood pressure and its cardiovascular disease complications and has relatively mild effects on other cardiovascular disease risk factor levels. Med. 1998; 158:741-751 A LTHOUGH diuretics and ␤-blockers lower blood pressure, reduce cardiovascular complications of hypertension, and are inexpensive, the recommendation that these drugs be used as primary agents for the treatment of hypertension 1 has been challenged. 2 In addition to their antihypertensive effects, diuretics have putatively adverse effects on levels of several other cardiovascular disease (CVD) risk factors, especially glucose, cholesterol, triglyceride, uric acid, and potassium. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] It has been speculated that these effects may explain the smaller benefit of antihypertensive therapy on coronary heart disease rates than expected from epidemiological data on blood pressure and coronary heart disease. 18 Hypertension is common in patients with diabetes and a majority of hypertensive patients with diabetes die of CVDs. 19 Use of diuretics and ␤-blockers in patients with diabetes has been questioned, since studies have reported that they cause a significant deterioration in glucose tolerance. 13, 16, 17 Because of the changes in CVD risk factors in hypertensive patients receiving diuretic therapy, it was speculated that the beneficial effects of lowering blood pressure may be reduced or negated and suggested that diuretics be avoided as first-line antihypertensive drugs in patients with diabetes. 14 
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SUBJECTS AND METHODS
Details of the design, eligibility criteria, and recruitment methods used in the SHEP clinical trial have been reported. 22, 23 Major findings have also documented the benefits of low-dose, diuretic-based therapy in reducing rates of nonfatal plus fatal stroke (the SHEP primary end point), coronary events, and total cardiovascular events. 24 Similar beneficial effects were seen in participants with diabetes. 25 Aspects of the SHEP design, eligibility criteria, and participant recruitment relevant to the questions addressed in this article are described herein.
The SHEP study was a multicenter, randomized, double-blind, placebo-controlled clinical trial conducted among 4736 ambulatory, community-dwelling men and women aged 60 years and older with isolated systolic hypertension. The primary end point was the incidence of fatal and nonfatal stroke. Secondary end points included coronary heart disease, total cardiovascular morbidity and mortality, and quality-of-life measurements. Potential participants were excluded because of history and signs of major CVD, cancer, alcoholic liver disease, renal dysfunction, or the presence of medical management problems. All persons gave informed consent prior to participation in the study.
Of the 4736 participants in SHEP, 3161 were not receiving antihypertensive medication at the time of enrollment and 1575 were receiving therapy. All blood pressures were measured by trained, certified technicians. 26 To be eligible for randomization, participants had an average of 4 seated systolic blood pressure (SBP) measurements taken (2 at each of 2 baseline visits) that had to be between 160 and 219 mm Hg, with an average diastolic blood pressure (DBP) of less than 90 mm Hg. Those receiving antihypertensive medication who met initial screening criteria discontinued their antihypertensive medication and were required to meet blood pressure eligibility within an 8-week period of close follow-up while not taking medication.
Participants underwent a physical examination, including measurement of weight and height, performance of a 12-lead electrocardiogram, and determination of baseline laboratory measurements, including levels of serum glucose, total and high-density lipoprotein (HDL) cholesterol, triglycerides, uric acid, potassium, and creatinine. While centers attempted to perform laboratory tests after an overnight fast, this was not mandatory. Because of this factor as well as missed follow-up visits, only a minority of randomized participants had a complete set of fasting laboratory test results at baseline and the 1-and 3-year follow-up examinations.
On completion of the second baseline visit, eligible participants were randomly allocated to receive active drug treatment (n=2365) or placebo (n=2371), stratified by clinical center and by prior antihypertensive treatment status. Therapy was administered in double-blind, placebocontrolled fashion, with a once-daily dose of either an active drug or matching placebo.
An average of 4 blood pressure measurements during baseline visits was used to establish a goal for blood pressure control for each participant. If SBP was at least 180 mm Hg, the goal was to reduce it to less than 160 mm Hg. If SBP was between 160 and 179 mm Hg, the goal was to reduce it by at least 20 mm Hg.
Antihypertensive drug therapy was given with the objective of using the minimum amount of medication necessary to maintain SBP at or below the goal. All subjects were initially treated with chlorthalidone or matching placebo.
Step 1 dose of the active drug was 12.5 mg of chlorthalidone. This dose was doubled to 25 mg of chlorthalidone if the SBP goal was not achieved. If this regimen did not achieve adequate control of participants' blood pressures, 25 mg of the step 2 drug atenolol or a matching placebo was added. This dose could also be doubled if blood pressure remained above the goal. For persons unable to take atenolol, 0.05 mg of reserpine or matching placebo could be substituted and increased to 0.10 mg. If serum potassium concentrations were below 3.5 mmol/L on 2 consecutive visits, potassium supplements were added to the participant's regimen.
Average follow-up for the final report was 4.5 years. Participants were seen monthly until they reached the SBP goal or until maximal drug or placebo dose was attained. Participants were then seen quarterly with annual medical history taking, physical examinations, and laboratory evaluations. More frequent visits were arranged if necessary. Blood pressure above defined escape criteria (sustained SBP Ն220 mm Hg or DBP Ն90 mm Hg) was an indication for prescribing known active therapy.
Blood samples were obtained at the second baseline visit immediately before randomization. A defined protocol for venipuncture and sample processing was followed. Details of laboratory methods at the central laboratory (MetPath, Teterboro, NJ) and quality control procedures have been published. 27 Information on how often participants reported having diabetes is available for all members of the cohort as of the last examination. A participant was defined as having diabetes at baseline if (1) a history of diabetes was reported by the participant; (2) fasting serum glucose levels were 7.8 mmol/L or higher (Ն140 mg/dL); or (3) the participant reported using antidiabetic medication.
Complete fasting laboratory data for baseline and follow-up for years 1 and 3 are available for 1663 individuals (715 men and 948 women). Four-year follow-up fasting laboratory data are available for 727 of these participants. The major reason for exclusion from the follow-up blood chemistry study was the absence of 1 or more fasting samples. Because it is substantially larger, the 3-year follow-up group is the primary focus of this article. Only fasting samples were used for analyses of glucose and triglyceride levels. Nonfasting samples were also used for analyses of cholesterol, HDL cholesterol, uric acid, and potassium levels.
Comparability of baseline characteristics between the 2 treatment groups was assessed using 2 tests for categorical variables and standard normal (z) tests for continuous variables. Analyses were performed with participants in groups according to initial treatment assignment (intention to treat). Analyses were performed to compare differences at each time interval between the placebo and active treatment groups and to assess trends in risk factor levels over time. In addition, participants were divided into quintiles on the basis of baseline serum fasting glucose levels to enable assessment of effects of active treatment compared with placebo among those with different baseline fasting glucose levels.
Although several small studies document shortterm effects of diuretics on CVD risk factors, few data are available on the long-term impact of these drugs. Even less information is available on whether the long-term effects of diuretic therapy differ among subgroups of hypertensive patients with different levels of fasting glucose. This information is particularly important in older persons, among whom both glucose intolerance and elevated blood pressure are very common. 15, 20 As expected, rates of reported diabetes were high in the Systolic Hypertension in the Elderly Program (SHEP) cohort at baseline. 21 Data from SHEP provide an opportunity to look at the effects of long-term, low-dose diuretic therapy, using a dose level that may be less prone to induce the previously described CVD risk factor changes. Three questions were addressed: (1) Does low-dose diuretic therapy increase the rate of how often participants report diabetes? (2) Does this therapy have a detrimental effect on levels of glucose, lipids, uric acid, potassium, and creatinine, and if so, how large is the effect on each? (3) Are those with higher baseline fasting levels of glucose at an increased risk of adverse effects?
RESULTS
RECRUITMENT AND TREATMENT ADHERENCE
Recruitment was conducted at 16 clinical centers between March 1985 and January 1988. Characteristics of participants selected have been described previously. 28 Overall, 4736 (1.06% )of 447 921 screened participants were entered into the study. Those randomized to receive active treatment and placebo control had comparable levels of SBP and DBP at baseline examinations.
Some alteration in antihypertensive regimens occurred during the course of the study. At the 3-year visit, of all participants in the active treatment group, 806 (36.2%) were receiving step 1, dose 1 medication only (chlorthalidone) and 398 (17.9%) were receiving step 1, dose 2 medication only. In addition to chlorthalidone, 210 (9.4%) were also receiving step 2, dose 1 medication (atenolol or reserpine), 152 (6.8%) were receiving step 2, dose 2 medication, 328 (14.7%) were receiving other active medication, and 230 (10.3%) were receiving no antihypertensive drug. Most participants randomized to the placebo group received no active antihypertensive medication throughout the trial. The percentage for whom active antihypertensive drug therapy was prescribed increased progressively from 292 (13.1%) at year 1 to 727 (32.6%) at year 3.
BlOOD PRESSURE RESPONSE
As previously reported, active treatment successfully lowered both SBPand DBP. 24 Blood pressure decreased between baseline and the 3-year follow-up examination in both groups with the greater decline in the active treatment group (year 3 difference: SBP, 13.0 mm Hg; DBP, 4.4 mm Hg; PϽ.001).
PARTICIPANTS WHO REPORTED DIABETES
The prevalence of diabetes (as defined earlier) at baseline and the number of new cases identified at year 1 and year 3 examinations are shown in Table 1 . As anticipated in an older cohort, rates were high and increased over time but the number of incident cases did not differ between treatment groups at year 1 (P=. 19) 
EVALUATION OF RISK FACTOR CHANGE IN SUBGROUPS
To evaluate the effect of antihypertensive treatment on CVD risk factors in SHEP, risk factor changes were assessed in subgroups of participants who had glucose or triglyceride levels measured while they were fasting, and a somewhat larger group who had total and HDL cholesterol, uric acid, potassium, and creatinine levels measured (fasting or nonfasting) at baseline and at follow-up years 1 and 3. ( Table 2) . Table 2 shows levels of risk factors at baseline, year 1, and year 3 examinations in participants in the active treatment and placebo groups, with each subdivided into diabetic or nondiabetic groups at the baseline examination. Since changes in the diabetic and nondiabetic participants were in the same direction and of similar magnitude, the groups were combined in Table 3 . Table 3 shows the change in each risk factor level from baseline to the year 1 and year 3 examinations within the active treatment and placebo groups, a test of the change within the group from baseline to year 1 or year 3, and a test of the change within the group from year 1 to year 3. In addition, the difference of the change between groups was assessed.
Randomization was successful, with no significant risk factor differences at the baseline examination between those assigned to active treatment or placebo groups. By the year 1 examination, trends over time were apparent in both groups, and several differences were observed between the active and placebo treatment groups. Fasting glucose levels increased in both groups but were significantly higher in the active treatment group. At the year 3 examination this difference persisted *Diabetes is defined as (1) a participant report of diabetes or (2) a fasting serum glucose level of 7.8 mmol/L or higher (Ն140 mg/dL), or (3) report or use of antidiabetic medication. Two participants reporting use of insulin at baseline (an exclusion criterion) and 2 participants with undefined diabetic status at baseline were excluded from the analysis. (PϽ.01). Similar increments were seen among participants with diabetes (Table 2 ), although differences between active treatment and placebo groups were not significant (P=.14). To further assess the possibility that a small number of subjects receiving diuretics might have had a marked increase in fasting glucose levels, the percentage of subjects in the active and placebo groups with a greater than 20% increase between baseline and year 3 was determined. Such increases were found in 119 (13.8%) of the active treatment recipients and 91 (11.3%) of the placebo recipients (P=.12). Differences between active treatment and placebo groups were also seen in other risk factor levels at years 1 and 3. Total cholesterol levels decreased in both groups over 3 years but were slightly higher at year 3 in the active group compared with the placebo treatment group (PϽ.01). Levels of HDL cholesterol decreased after year 1 in both groups.
By the year 3 examination, levels were slightly (−0.02 mmol/L [−0.7 mg/dL]) but significantly lower in the active treatment group. Total triglyceride levels rose slightly (+0.09 mmol/L [+8 mg/dL]) for 3 years in the placebo group. A greater increase in triglyceride levels (+0.28 mmol/L [+24 mg/dL]) was observed in the active treatment group, and levels between groups differed significantly for both years 1 and 3 (PϽ.001). A similar pattern was seen in uric acid levels, with a greater increase in the active treatment group (+53 µmol/L) than in the placebo group (+19 µmol/L) (PϽ.001). For all these variables, changes observed in participants with diabetes were similar to those seen in participants without diabetes. Because of the smaller sample size, few differences among treatment groups were significant among patients with diabetes.
In the placebo group, mean potassium levels decreased slightly (-0.2 mmol/L; PϽ.001) over 3 years. In contrast, in the active treatment group, potassium levels were lower for both years 1 (− 0.4 mmol/L; PϽ.001) and 3 (−0.5 mmol/L; PϽ.001) and levels were significantly lower than those measured in the placebo group, although only a small percentage of patients had levels less than 3.5 mmol/L. At baseline, the frequency of serum potassium levels below 3.5 mmol/L was 0.4% in both treatment groups (8 active, 9 placebo). At year 3, it was 166 (8.5%) in the active treatment group and 36 (1.9%) in the placebo group (PϽ.001). During the study, recorded use of supplemental potassium was 554 (23.4%) in the active treatment group and 292 (12.3%) in the placebo group. Serum creatinine concentrations increased in both active and placebo treatment groups with a greater increase (+2.8 µmol/L [+0.03 mg/dL]; PϽ.001) in the active treatment group. However, at baseline and years 1 and 3 the total percentage of participants with values exceeding 176.8 µmol/L (2 mg/dL) did not differ between active drug and placebo treatment groups. Weight and body mass index (measured as the weight in kilograms divided by the square of the height in meters) decreased in both the active treatment and placebo groups for 3 years, but no differences were seen between groups (Tables 2  and 3 ).
CHANGE WITHIN GROUPS CLASSIFIED BY QUINTILE OF BASELINE FASTING GLUCOSE LEVELS
To investigate the possibility of greater adverse effects among those with higher levels of fasting glucose, the 1663 participants with complete fasting glucose data were divided into quintiles on the basis of their baseline fasting glucose level. Changes over time within these quintiles are presented for fasting glucose levels in Figure 1 and for fasting triglyceride levels in Figure 2 . In Figure 1 , fasting glucose levels are shown at baseline and at years 1 and 3 within quintiles of initial fasting glucose levels for both the placebo and active treatment groups. In both groups, higher initial fasting glucose levels were associated with higher subsequent fasting glucose levels (PϽ.001). In both groups, fasting glucose levels increased over time in each of the quintiles. The increase in fasting glucose levels within each quintile was slightly greater in the active treatment than in the placebo treatment group. Much of the increase observed over 3 years of follow-up was evident at the year 1 follow-up examination. There was no evidence of a significant widening of the differences between the 2 treatment groups in any of the quintiles between years 1 and 3. While the increase in fasting glucose levels was slightly greater in the fifth quintile of the active treatment group, no subgroup at a particularly high risk of major increase in fasting glucose levels was identified. A similar pattern was seen in the 727 men and women followed up for 4 years (data not shown). Thus, although the number of subjects with complete test results is limited, there was little or no evidence for up to 4 years of follow-up that low-dose diuretic therapy with chlorthalidone produced a clinically significant increase in fasting glucose levels. In Figure 2 , fasting total triglyceride levels are shown at baseline and at years 1 and 3 within quintiles of baseline fasting glucose levels for both placebo and active treatment groups. In both groups, except for 1 active treatment quintile (fasting glucose level, 5.4-5.7 mmol/L [97- 103 mg/dL]), higher baseline fasting glucose levels were associated with higher baseline and subsequent fasting triglyceride levels (PϽ.001). In both placebo and active treatment groups, fasting triglyceride levels increased over time in each of the quintiles. The increase in fasting triglyceride levels within each quintile was greater in the active treatment than in the placebo group (PϽ.001). Again, most of the increase observed during 3 years of follow-up was evident at the year 1 examination. There was no evidence of a further widening of the differences between the 2 treatment groups in any of the quintiles between years 1 and 3. While the increase in fasting triglyceride levels was greatest in the fifth quintile of the active treatment group, greater increases were seen in the active treatment than in the placebo group in all quintiles. A similar pattern was observed in the 727 participants followed up for 4 years (data not shown). Thus, the pattern of change for fasting triglyceride levels was similar to that seen for fasting glucose levels.
COMMENT
In population studies, elevated blood pressure is associated with an increased risk of stroke and multiple cardiac diseases. 29 Although antihypertensive therapy reduces stroke, coronary events, and other CVD, in a metaanalysis of clinical trials the expected reductions compared with observed reductions in cardiac disease are less than those found for stroke. 18 Several explanations have been proposed for this difference, including purported adverse effects of antihypertensive therapy. While clearcut, short-term effects of some antihypertensive drugs have been demonstrated, the relation of these changes to rates of clinical disease remains uncertain. These concerns may be especially pertinent for older patients, since both hypertension and glucose intolerance are common and often occur together in this age group. 30 The SHEP study provided the opportunity to look at the magnitude of the effects of low-dose, diuretic-based therapy over several years, both on risk factor levels (this article) and rates of CVD events. 24, 25 The SHEP data are particularly valuable since the sample size is large, follow-up is relatively long, and evaluations could be performed on subsets of groups based on baseline fasting glucose levels to determine whether subgroups of the population may be at particular risk from the negative effects of diuretic-based therapy.
At the conclusion of SHEP, participants in the active treatment group relative to the placebo group had lower blood pressures, a 36% reduction in incidence of stroke, a 27% reduction in coronary heart disease, and a 32% reduction in all major cardiovascular events. 24 In addition, in a post hoc analysis, similar reductions were found among those reporting diabetes at entry into SHEP. 25 Data from the 3-and 4-year follow-up of a subset of SHEP participants indicate that low-dose diuretic therapy had modest and no progressive effects on levels of fasting glucose, total cholesterol, and HDL cholesterol. While greater increases were observed in fasting triglyceride levels among active treatment participants, isolated hypertriglyceridemia appears to be less important as a risk factor for CVD. 31 A similar comment applies to the greater increase in uric acid levels seen in the active treatment group. In a 26-year follow-up of participants in the Framingham Heart Study, elevated uric acid levels were associated with several other CVD risk factor abnormalities and with use of diuretics but were not an independent CVD risk factor. 32 One feature of this analysis is an attempt to look for differential adverse effects of diuretic therapy in subgroups of participants with increasing levels of baseline glucose. At least among men with diabetes, the presence of other CVD risk factors increases the risk of CVD mortality more steeply than it does in men without diabetes. 33 Several groups of hypertensive patients may be at special risk of a deterioration in glucose tolerance. Patients with impaired but clinically unrecognized glucose intolerance are potentially at increased risk for an adverse effect from these drugs. In the SHEP study, no evidence of such a differential deterioration among those receiving active treatment was apparent across subgroups divided into quintiles based on baseline fasting glucose levels. Although glucose tolerance testing was not performed in SHEP, it is known that more than 50% of elderly men and women have abnormal glucose tolerance, 20 and SHEP baseline data indicate that the prevalence of diabetes was close to that expected for an older cohort. 21 Failure to detect any major increase in fasting glucose levels in SHEP indicates that these drugs can be used with little short-term chance of precipitating excess diabetes in older patients.
A second potentially vulnerable group includes patients with established diabetes. Data from SHEP are more limited in this area since only 10% of subjects reported previously diagnosed diabetes at baseline. 27 Nevertheless, lack of a major change in risk factors among subjects with the upper glucose quintile suggests that this group also did not have major adverse effects from the low doses of diuretics and supplemental ␤-blockers used in the SHEP protocol.
Finally, use of diuretics has been associated with electrolyte disturbances, particularly potassium and magnesium depletion. Potassium depletion has been postulated as a mechanism by which diuretics increase insulin resistance, 34 an alteration that could contribute to several CVD risk factor abnormalities. 35 In addition, potassium depletion has also been proposed as a reason for the observed excess in sudden cardiac death seen in hypertensive patients receiving diuretic therapy. 36, 37 In SHEP, although a greater decrease in potassium levels was seen in the active treatment group, severe hypokalemia was rare. In addition, SHEP participants received potassium supplementation if levels decreased to less than 3.5 mmol/L. Thus, provided that hypokalemia is appropriately treated, the notable reductions in chronic complications of hypertension in SHEP support the use of lowdose diuretic therapy in the initial treatment of hypertension. However, potential problems may be associated with higher doses of diuretics. 36 Although SHEP data indicate that low-dose diuretics can be used in groups with a high prevalence of glucose intolerance, caution must be exercised in both the interpretation and extrapolation of SHEP findings to the general population. Since the SHEP participants were all older than 60 years and free of severe disease, high-risk subjects who either died prior to this age or developed severe disease were excluded from the cohort. Additionally, the data reported are from subjects classified according to original treatment assignment (intention to treat) and some subjects in the placebo group may have received diuretic therapy during the course of the study. Similarly, some subjects who received active treatment stopped diuretic therapy. While of theoretical concern, the maintenance of a significant separation in SBP (Ͼ10 mm Hg) between the active and placebo treatment groups suggests that this is not a problem. Finally, the period of initial drug withdrawal in 33% of the cohort was sufficient to assess changes in blood pressure but may not have allowed the return of other risk factor levels to their untreated baseline levels. When analyses were performed by prior treatment category as well as randomization category, similar patterns were seen in those who had received prior antihypertensive therapy and those who had not.
The adverse effects on CVD risk factor levels previously reported for those receiving diuretic therapy were seen in the SHEP cohort but appeared to be limited in magnitude. The SHEP antihypertensive regimen led to reductions in stroke, coronary heart disease, and all CVDs 24 in the whole cohort and those participants who reported diabetes at baseline. 25 It is necessary to consider how the SHEP cohort may differ from other studies reported during the past 3 decades. The greatest difference may be the low-dose diuretic therapy used in SHEP. Higher doses were used in several earlier studies. 38 Diuretics lower blood pressure and enhance effectiveness of other antihypertensive agents.
1 Given existing clinical trial data that indicate beneficial effects of blood pressure control with the use of diuretics on major cardiovascular complications, these SHEP data indicate that low doses of these drugs can be used safely in most elderly patients, even those with glucose intolerance or diabetes. Since some patients may be more susceptible to the adverse effects of these drugs, it is advisable to check CVD risk factor levels prior to initiating antihypertensive therapy and a few months after therapy is started. 15 These findings in SHEP, a clinical trial in a population with a high frequency of glucose intolerance, support the recommendations of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure 1 that diuretics are indicated in the initial treatment of hypertension. Questions remain about optimal antihypertensive regimens. Many of those questions should be answered by the results of the ongoing Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial.
